ABSTRACT. A 2-year study was conducted at Bixby, OK, to examine shoot characteristics of several eggplant (Solanum melongena) cultivars, including the vertical distribution patterns of fruit production, and to examine possible relationships of these traits to aspects of fruit quality. Plants of 11 cultivars of purple-fruited eggplant were fieldgrown following local production practices. Fourteen harvests of fruit that had reached horticultural maturity were made from 99 plants in each year over a period of ' '45 days per year. On each harvest date, every fruit that was harvested from an individual plant was charted. Before a fruit was severed from the plant, heights were measured from the soil surface to the pedicel attachment and to the blossom end. Each fruit was then weighed and categorized for marketability. On the day after the final harvest, each data plant was measured for height and diameter of the main stem and then severed at soil level for subsequent measurement of shoot dry weight. 'Classic', 'Dusky', 'Megal', and 'Santana' were the only cultivars that produced more than 50% marketable fruit in both years. There were no consistent relationships between plant height, stem diameter, or shoot dry weight and fruit quality. For a given cultivar, the fruiting plane was defined as the vertical space in which fruit were found over the course of the harvest period. This was delimited at the top by the mean height above the soil of the point of pedicel attachment and at the bottom by the mean height above the soil of the blossom end. The cultivars differed in fruiting planes, but height of fruit set was relatively unimportant as a determinant of overall fruit quality. Cull fruit usually had blossom ends that were higher off the ground than marketable fruit. The primary reason for cull fruit production was determined for two cultivars: 'Black Beauty' had poor fruit color and 'Black Bell' was relatively susceptible to fruit rot (primarily caused by Phomopsis vexans). Fruit scarring was found to be a major contributor to cull fruit production. Cultivars differed in fruit scarring in 1 of 2 years, and there was evidence that scarred fruit occurred higher in the crop canopy than marketable fruit.
The effects of crop canopy architecture on fruit quality have been studied primarily in tree fruit crops such as apple [Malus domestica (Fouché et al., 2010; González-Talice et al., 2013) ] and mango [Mangifera indica (Normand et al., 2009) ]. Vertical distribution patterns of fruit production in the crop canopy have been reported for some vegetables such as common bean [Phaseolus vulgaris (DeMoura and Foster, 1986) ], cowpea [Vigna unguiculata (Kahn and Stoffella, 1989) ], and bell pepper [Capsicum annuum (Gaye et al., 1992) ]. Some vegetative traits have been used to characterize eggplant accessions in the European Eggplant Genetic Resources Network (EGG-NET) database, including plant height, plant growth habit, and number of leaves to first flower (Prohens et al., 2005) . However, the spatial distribution of fruit yield within the shoots of eggplant has received little attention. Information on plant architecture is useful in developing simulation models of crop growth (Barthélémy and Caraglio, 2007) and can assist plant breeders who are seeking to increase yield (Adams, 1982; Gaye et al., 1992) . Such information can also provide a better understanding of factors affecting fruit marketability. For example, Ando and Grumet (2006) concluded that plant architecture that reduces contact of fruit with the soil could be useful for control of Phytophthora capsici in cucumber (Cucumis sativus). If it were to be shown that proximity to the soil was detrimental to eggplant fruit quality, then there would be more justification for staking and trellising, which are costly, labor-intensive practices. The purpose of these studies was to describe the vertical distribution patterns of fruit production, or ''fruiting planes,'' in several eggplant cultivars and to examine possible relationships of these patterns to aspects of fruit quality. Three other shoot characteristics related to plant architecture (plant height, stem diameter, and shoot dry weight) also were examined for possible relationships to fruit quality.
Materials and Methods
A 2-year study was conducted. Plots were located at the Oklahoma Vegetable Research Station in Bixby on a Severn very fine sandy loam [coarse-silty, mixed (calcareous), thermic Typic Udifluvent]. The soil was prepared with a preplantincorporated application of urea to supply nitrogen at 56 kgÁha -1 and of napropamide for weed control at 1.4 kgÁha -1 in both years. Neither raised beds nor plastic mulches were used per local production practices.
Eleven eggplant cultivars varying in fruit size but roughly conforming to a common elongated teardrop shape and with concolor, dark purple-black skins were chosen for this work. All except 'Black Beauty' were commercial F 1 hybrids. Fourteen harvests from 20 June through 4 Aug. y Arcsine transformation was applied to the original data before analysis. Back-transformed means are shown. Percentages may not add to 100 because data are not reported for misshapen fruit or those culled for insect injury (these defects were minor contributors to overall cull fruit production and cultivars did not show differences). Also, some fruit exhibited multiple defects.
x Mean separation in columns by Duncan's multiple range test, P # 0.05. Letters are shown only if the F-test for main effect of cultivar is significant, P # 0.05. Fourteen harvests from 22 June through 7 Aug. y Arcsine transformation was applied to the original data before analysis. Back-transformed means are shown. Percentages may not add to 100 because data are not reported for misshapen fruit or those culled for insect injury (these defects were minor contributors to overall cull fruit production and cultivars did not show differences). Also, some fruit exhibited multiple defects.
x Mean separation in columns by Duncan's multiple range test, P # 0.05. Letters are shown only if the F-test for main effect of cultivar is significant, P # 0.05.
there were 99 experimental units in each year. On each harvest date, every fruit that was harvested from an individual plant was charted. Before a fruit was severed from the plant with hand shears, heights were measured from the soil surface to the pedicel attachment and to the blossom end. Each fruit then was weighed and categorized for marketability. Reasons for culling included 1) disease (the primary causal agent was confirmed by laboratory diagnosis as Phomopsis vexans); 2) scarring (typically vertical striations, but sometimes also brown, scab-like lesions or a ''blossom tear'' extending from the blossom end up the side of a fruit); 3) poor coloration (in contrast to the desired uniform purple-black, including both pale fruit and those that developed a reddish brown pigmentation); 4) sunburn; 5) insect injury; or 6) misshapen fruit. Most fruit were culled as a result of one primary defect, but multiple defects were noted when present. Each year, on the day after the final harvest, each data plant was measured for height from the soil surface to the highest growing point. Next, a digital caliper was used to measure the stem diameter at soil level. Finally, each plant was cut at soil level and placed in a burlap sack after any remaining fruit were removed and discarded. Plants were dried at 51°C for 9 d and shoot dry weights were recorded.
Data were evaluated by year with analysis of variance procedures generated using SAS/STAT software (Version 9.3 for Windows; SAS Institute, Cary, NC). An arcsine transformation was applied to percentage data before analysis, and back-transformed means were reported. If the main effect of cultivar was significant (P # 0.05), means were separated by Duncan's multiple range test. Correlation coefficients (r) also were calculated for selected variables.
Results and Discussion
Cultivars varied in yield in both years, as would be expected (Tables 1 and 2 ). The two cultivars with the smallest individual fruit ('Megal' and 'Vittoria') tended to have the most marketable fruit per plant. However, they did not differ in marketable fruit number from two other cultivars ('Classic' and 'Santana') with relatively large individual fruit. Overall, 'Santana' produced the numerically greatest weight of marketable fruit per plant in both years and was statistically similar only to 'Classic.' 'Classic', 'Dusky', 'Megal', and 'Santana' were the only cultivars that produced more than 50% marketable fruit in both years. 'Vittoria' was the numerical leader in cull fruit production in both years, but otherwise cultivar rankings for cull fruit were not particularly consistent. 'Black Beauty', the only open-pollinated cultivar in the study, produced less than 50% marketable fruit in both years.
Cultivars (Johnson and Knavel, 1990) .
Cultivars showed wide differences in disease susceptibility in both years (Tables 1 and 2) ; however, the CV was high (57.1) in 2006 and statistical differences could not be shown. 'Black Bell' averaged at least 30% infected fruit in both years. 'Black Beauty' exceeded all other cultivars in the defect of poor fruit color in both years, and it was the primary reason for cull production in this cultivar. 'Black Beauty' fruit often had irregular or pale skin color. Variations in intensity of purple coloration were reported among fruits of 'Black Queen', a local strain of 'Black Beauty', by Nothmann et al. (1976) . 'Vittoria' had the numerically highest number of sunburned fruit in both years, but sunburn was a relatively minor contributor Stem diameter measured on main stem at soil level (before drying). NS,*, ** Nonsignificant or significant at P # 0.05 or 0.01, respectively.
to overall cull fruit production. Data are not reported for misshapen fruit or those culled for insect injury, because these defects were minor contributors to overall cull fruit production and cultivars did not show differences. Cultivars varied in shoot characteristics in both years (Table 3) , but there were no clear connections between the measured shoot variables and fruit quality. For example, 'Megal' had the numerically tallest plants in both years and the statistically tallest plants in 2006. However, it was statistically similar to several other cultivars for total marketable and total cull fruit production (Tables 1 and 2 ). Correlation analyses (Table 4) confirmed the lack of consistent relationships between measured shoot variables and marketable fruit production. Illangakoon et al. (2004) studied six eggplant cultivars and reported plant dry weight at the eighth harvest was not correlated with fruit number per plant and only weakly correlated (r = 0.46) with fruit weight per plant.
For a given cultivar, the fruiting plane was defined as the vertical space in which fruit were found over the course of the harvest period. This was delimited at the top by the mean height above the soil of the point of pedicel attachment and at the bottom by the mean height above the soil of the blossom end. Fruiting planes of individual cultivars varied from year to year (Table 5 ). However, there were no consistent relationships between fruiting plane and fruit quality. The cultivars that were numerically highest ('Vittoria') and lowest ('Black Beauty') in both years for marketable fruit number per plant (Tables 1 and  2 ) had statistically similar heights to pedicel attachment and heights to blossom end in both years (Table 5 ). The cultivars with the lowest ('Dusky') and highest ('Megal') overall fruiting plane (Table 5) in both years did not differ for marketable fruit number per plant in both years (Tables 1 and 2 ) or for cull fruit number per plant in 2006 (Table 2) .
One might expect the fruiting planes to rise as harvest progressed and plants became taller. This was seen as an overall trend, but the response was not strongly linear. Correlations (r) between position in the fruit harvesting sequence (position 1 = first fruit harvested from a given plant) and height to pedicel attachment were 0.53 in 2005 and 0.47 in 2006 (both significant at P # 0.01). Thus, fruit with a later harvest position were not necessarily higher in the plant canopy than those harvested earlier, likely as a result of fruit weighing down plant branches. An example is shown in Figure 1 for 'Classic' in 2005. In addition to main effects of cultivar, three specific analyses were performed to examine possible effects of height to pedicel attachment and height to blossom end on total cull fruit production, diseased fruit production, and scarred fruit production as well as cultivar · fruit grade interactions (Table 6 ). Height to pedicel attachment was not a factor in total cull or diseased fruit production, indicating that height of fruit set was relatively unimportant as a determinant of fruit marketability. However, there was a consistent trend for scarred fruit to have been set higher than marketable fruit (significant in 2006). Total cull fruit, diseased fruit (2006 only), and scarred fruit all had blossom ends that were higher off the ground than marketable fruit (Table 6) . A partial explanation for this finding is that diseased fruit sometimes deteriorated before reaching full size. However, it seems clear that proximity to the soil surface was not in itself detrimental to fruit quality. No significant cultivar · fruit grade interactions were evident (Table 6 ).
This study showed that eggplant cultivars differed in fruiting planes. However, fruiting plane and other measured plant architectural variables did not consistently affect fruit quality. The primary reason for cull fruit production was determined for two cultivars: 'Black Beauty' had poor fruit color, and 'Black Bell' was relatively susceptible to fruit rot. Fruit scarring was found to be a major contributor to cull fruit production. Cultivars differed in fruit scarring in 1 of 2 years, and there was evidence that scarred fruit occurred higher in the crop canopy than marketable fruit. Although scarred fruit usually remained suitable for consumption, their appearance rendered them unmarketable; thus, this is an economic concern. More research is needed into the occurrence of scarred fruit in fieldgrown eggplant.
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